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– x – y
z $x$ $l_{x\text{ }}$ y $l_{y}\text{ }$ z $l_{z}$
( 1) $l_{z}$
z=\pm l/2 x $=\pm A_{x}/2$ y $=\pm A_{y}/2$ Ax\equiv lx/lz
$A_{y}\equiv l_{y}/l_{z}$ $x$ $y$
$\mathrm{u}=(u, v, w)$ $\theta$
$\underline{\partial u}\underline{\partial v}\wedge+\wedge+^{\underline{\partial w}}\wedge=0$. $(\rceil)$$\overline{\partial_{X}}\overline{\partial y}++-\overline{\partial Z}=0$, (1)
$Pr \triangle u=\frac{\partial p}{\partial x}$ , $Pr \triangle v=\frac{\partial p}{\partial y}$ $Pr \triangle w=\frac{\partial p}{\partial z}-PrRa\theta$, (2)
$w+\triangle\theta=0$ . (3)
$\triangle$
$\triangle\equiv\partial^{2}/\partial x^{2}+\partial^{2}/\partial y^{2}+\partial^{2}/\partial z^{2}$
/\partial t $=0$
$Ra$ = P
$Ra= \frac{\gamma g\Delta Td^{3}}{\kappa\nu}$ , $Pr= \frac{\nu}{\kappa}$ , (4)
$\kappa$ $\nu$ \mbox{\boldmath $\gamma$} $g$
(1) (3) $p$
$\frac{\partial u}{\partial x}+\frac{\partial v}{\partial y}+\frac{\partial w}{\partial z}=0$ , (5)
$\frac{\partial}{\partial y}\triangle u-\frac{\partial}{\partial x}\triangle v--\mathrm{o}$ , (6)
$\frac{\partial}{\partial x}\Delta w-\frac{\partial}{\partial z}\triangle u=-Ra\frac{\partial\theta}{\partial x}$ , (7)
$\triangle\theta+w=0$ . (8)
.
$\partial u=v=w=\theta=0$ at $x= \pm\frac{1}{2}A_{x}$ ,$u=\overline{\partial x}$ (9)
$u=v= \frac{\partial v}{\partial y}=w=\theta=0$ at $y= \pm\frac{1}{\mathit{2}}A_{y}$ , (10)




$Ra$ $u(x, y, z),$ $v(x, y, z),$ $w(X, y, z),$ $\theta(x, y, z)$
i \iota
$u(x, y, z)$ $=$ $2L- \sum_{\iota=0m}^{1}\sum^{2M}\sum_{n=0=0}a_{l}mn\tau_{l(\mathit{2}x/}^{\approx}A_{x})-12N-1..\cdot\tilde{T}_{m}(\mathit{2}y/A_{y})\tilde{T}_{n}(2z)$ , (12)
$v(x, y, z)$ $=$ $\sum_{\iota=0}^{2L-}12\sum_{m=0}^{M-1}2Nn\sum^{-1}b\iota_{mn.\iota(}\tilde{T}\mathit{2}X=0-/A_{x})\tilde{\tau}_{m}^{\sim}$
.
$(\mathit{2}y|/A_{y})\tilde{T}_{n}(2Z)$ , (13)
$w(x, y, z)$ $=. \sum_{l=0}^{2L-}1M-1\sum_{m=0}^{2}.\sum_{n=0}^{2N}C\iota_{mn\iota}\tilde{\tau}(\mathit{2}X-1/Ax)\tilde{T}_{m}(2y/A)|y\tau_{n}^{\approx}(\mathit{2}_{Z)},$(14)
$\theta(x, y, z)$ $=$ $\sum_{0l=m}^{2L-1}M-1\sum_{=0n}^{2}\sum_{=0}d_{\iota_{m}\iota}n\tilde{T}(\mathit{2}x/A_{x})2N-1\tilde{T}_{m}(2y/A_{y})\tilde{T}_{n}(\mathit{2}_{Z})$ , (15)
$\tilde{T}_{n}(x)\text{ }\tau^{\approx}n(x)$
$\tilde{T}_{n}(x)=(1-x^{2})T_{n}(x)$ , $\tau_{n}^{\approx}(x)=(1-x^{2})^{2}\tau_{n}(x)$ (16)
$\iota$ \iota $T_{n}(x)$ \iota I
$u(x, y, z),$ $v(x, y, Z),$ $w(X, y, Z),$ $\theta(X, y, z)$ (9)$-(11)$
(5)$-(8)$ (12) (15)




(5) (8) T\sim i $(\mathit{2}_{X}/A_{x})\tilde{\tau}_{j(y/A_{y})}\mathit{2}\tilde{T}k(\mathit{2}z)_{\text{ }i}T(\mathit{2}_{X}/Ax)\approx$
$\tilde{T}_{j}(2y/A_{y})\tilde{T}_{k}(\mathit{2}Z)\text{ }\tau_{i}^{\approx}(\mathit{2}_{X}/Ax)\tilde{T}_{j}(\mathit{2}y/A_{y})Tk(\approx \mathit{2}Z)\text{ }\tilde{T}_{i}(\mathit{2}X/A_{x})\tilde{T}j(\mathit{2}y/A_{y})\tilde{\tau}_{k}(\mathit{2}Z)$
(17)
$x_{i}= \cos(\frac{\pi}{(\mathit{2}L+1)}\mathrm{x}i),$ $y_{j}= \cos(\frac{\pi}{(\mathit{2}M+1)}\mathrm{x}j),$ $z_{k}= \cos(\frac{\pi}{(\mathit{2}N+1)}\mathrm{x}k)$ ,
$i=1,2,$ $\ldots,$ $2L-1$ , $j=1,2,$ $\ldots,$ $\mathit{2}M-1$ , $k=1,\mathit{2},$ $\ldots,$ $\mathit{2}N-1$ . (18)
3.2
(5) (8) (9)$-(11)$ $x,$ $y$ , z
$u(x, y, Z),$ $v(X, y, Z),$ $w(X, y, Z),$ $\theta(x, y, z)$ $Z_{2^{\cross}}Z2^{\cross}z_{2}$
8
1; $u(e, e, \mathit{0}),$ $v(\mathit{0}, O, \mathit{0}),$ $w(\mathit{0}, e, e),$ $\theta(\mathit{0}, e, e)$
3
2; $u(\mathit{0}, e, \mathit{0}),$ $v(e, O, \mathit{0}),$ $w(e, e, e),$ $\theta(e, e, e)$
3; $u(e, \mathit{0},\mathit{0}),$ $v(\mathit{0}, e, \mathit{0}),$ $w(\mathit{0},\mathit{0}, e),$ $\theta(\mathit{0},\mathit{0}, e)$
4; $u(\mathit{0},\mathit{0},\mathit{0}),$ $v(e, e, \mathit{0}),$ $w(e, O, e),$ $\theta(e, \mathit{0}, e)$
5; $u(e, O, e),$ $v(\mathit{0}, e, e),$ $w(\mathit{0}, O, \mathit{0}),$ $\theta(\mathit{0},\mathit{0},\mathit{0})$
= “ 6; $u(e, e, e),$ $v(\mathit{0},\mathit{0}, e),$ $w(\mathit{0}, e, 0)$ , $\theta(\mathit{0}, e, \mathit{0})$
7; $u(\mathit{0},\mathit{0}, e),$ $v(e, e, e),$ $w(e, O, 0)$ , $\theta(e, \mathit{0},\mathit{0})$
8; $u(\mathit{0}, e, e),$ $v(e, O, e),$ $w(e, e, \mathit{0}),$ $\theta(e, e, \mathit{0})$
u(e, $e,$ $\mathit{0}$ ) $x,y,$ $z$









$L,$ $M,$ $N$ 1 = Ra











3 $u$ w v
Gershuni
$=\mathrm{K}$ 2 2 $A_{x}=A_{y}=1$
2 1
v $=0$ Gershuni – $v\neq 0$
1








2 $A_{x}$ $1_{\text{ }}$ 2
3 $A_{x}$
3 $A_{x}=1$ , . . , 6 1 2
x–z 1 2






(a) $(A_{x}=0-6)(\mathrm{b})$ $(A$. $=2-6)$
$A_{y}=1$ $A_{x}arrow 0$









4: Ra ( x $=A_{y}$ ).
$A_{x}$ 4
x $<1.\mathit{2}7$ 1 1 $\mathit{2}\mathit{7}\leq A_{x}$ 2
$A_{x}arrow\infty$ $Ra$ $=1707.8$
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